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STUDIES ON THE BIOCHEMISTRY OF SULPHUR 
VII. THE CYSTINE CONTENT OF PURIFIED PROTEINS 


It has long been proved that the hair, the skin, and the epidermal 
tissue of animals have a high cystine content and that cystine is one 
of the amino acids absolutely essential to proper maintenance and 
growth. As a constituent of the urine and even of certain tissues in 
the abnormal condition known as cystinuria, cystine has been of 
interest to the clinician and the biochemist. The isolation of gluta- 
thione by Hopkins (1921) and the finding that this cysteine, or cystine 
complex, plays an important réle in cellular respiration and oxida- 
tion-reduction, gave a new impetus to the cystine question. Then the 
findings of du Vigneaud (1927) that cystine is a constituent of Abel’s 
(1927) crystalline insulin and the development by Hopkins (1929) of 
relatively easy methods of extracting glutathione have brought the 
sulphur-containing amino acids, cysteine and cystine, to the forefront 
of biochemical investigation. 

In view of the importance of cystine in the economy of the animal 
body, the usefulness of a highly specific test for it is obvious, especi- 
ally if it can be used quantitatively. Such a test was described by 
Sullivan (1926). Since the report on that test, considerable work 
has been done on the reaction from both a qualitative and a quanti- 
tative standpoint. In Paper II of this series (1929), data are given 
on the qualitative behavior, in the various cystine methods, of com- 
pounds recently found in tissues or foodstuffs and of compounds that 
might occur in hydrolysates of proteins. In Paper III, Sullivan 
and Hess (1929) showed that for a positive outcome of the highly 
specific reaction for cysteine (or cystine after reduction) three free 
groups are necessary (SH, NH2, and COOH). In Paper IV of this 
series (1929) it was shown that the reaction could be applied quanti- 
tatively to the estimation of cystine in casein. In Paper V, Sullivan 
(1929), and Paper VI, Sullivan and Jones (1929), it was found that, 
in contrast with the results of other methods (Van Slyke (1911) and 
Folin-Looney (1922)), the Sullivan procedure showed little if any 
cystine in phaseolin, the beta globulin of the navy bean (Phaseolus 
vulgaris). This finding by the Sullivan method agreed with the 
results of feeding experiments of Johns and Finks (1920) wherein 
cystine had to be added to phaseolin to make it adequate for the 
growth of the white rat, while the findings with the Van Slyke cystine 
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method and the method of Folin-Looney were in contradiction with 
these feeding experiments. 

With the finding that the highly specific cysteine reaction modified 
to include cystine gave different results with phaseolin from those 
obtained by the Van Slyke method and the Folin-Looney method, 
recourse was had to D. B. Jones of the protein and nutrition division, 
Bureau of Chemistry and Soils of the Department of Agriculture, 
who had at hand a supply of purified proteins the cystine content of 
which had been determined by the Van Slyke and the Folin-Looney 
methods. (Jones, Gersdorff, and Moeller, 1924-25.) These proteins, 
kindly supplied by Jones, were examined for cystine, by the Sullivan 
method in comparison with the Okuda (1925) iodometric method and 
the Folin-Looney method. The procedures used have been given 
in detail for larger samples of material in Papers IV and V, but may 
be given again since only 1-gram samples were employed in the 
present study. 

Procedure for hydrolysis —One gram of each protein and 5 c. c. of 
20 per cent hydrochloric acid (density 1.096 at 20° C.) were placed 
in a small acetylation flask fitted with a ground glass reflux. After 
the acid had soaked into the protein, the flask was placed in a cold 
crisco bath and the bath brought to 120° to 125° C. Counting from 
the time the bath reached 120° C. the beating was continued 10 hours. 
Five separate proteins were run at a time, with repetition later to get 
duplicate determinations. At the end of 10 hours, the hydrolysates 

were poured into 50 c. c. beakers and the flasks washed out with 5 
c. c. of distilled water. Some of the protein hydrolysates, phaseolin 
for instance, gave considerable humin with a dark color and re- 
quired considerable norite to get a clear solution. Though other 
hydrolysates showed less color and probably could have been decolor- 
ized with very little norite, all hydrolysates were treated alike in 
decolorization with norite. Each dilute dark-colored hydrolysate 
was treated with 0.8 gram of acid-washed norite, the mixture was 
brought to gentle boiling with stirring, and then filtered. The re- 
spective batches of norite plus humin were mixed with 5 c. c. of N 
hydrochloric acid, and this mixture was brought to gentle boiling and 
filtered. The norite was further washed with 5 c. c. of normal acid. 
The combined filtrates were treated dropwise with stirring with 
5 N sodium hydroxide until the reaction was greenish to brom phenol 
blue, i. e., about pH 3.5. This required 6 to 7 c. c. of the strong 
alkali. Dilution was then made to volume, generally 50 c. c. with 
addition of 0.1 N hydrochloric acid. 

Colorimetric estimation of cystine.-—To 5 c. c. of each hydrolysate 
at 20-25° C., add (A) 2c. c. of freshly prepared 5 per cent aqueous 
sodium cyanide, mix, and wait 10 minutes; then add (B) 1c. c. of a 
0.5 per cent solution of 1.2 naphthoquinone—-4-sodium sulphonate in 
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water, mix, add (C) 5c. c. of 10 per cent solution of anhydrous sodium 
sulphite in 0.5 N sodium hydroxide, mix, and wait 30 minutes; then 
add (D) 1 or 2c. c. of 5 N sodium hydroxide,! followed by (£) 1c. ¢. 
of a 2 per cent solution of sodium hyposulphite (Na,S,0,) in 0.5 
N sodium hydroxide. As standards, 5 c. c. of 100, 200, or 400 parts 
per million solution of cystine in 0.1 N hydrochloric acid were used. 
In colorimetric reading, the standard and unknown should be close 
together. 


TABLE 1.—The percentage of cystine content of purified proteins 




















: P Results 
Sullivan Folin-Looney 
method Okuda method method of oa 
Protein 
(1) (2) (3) 
(4) 
A B A B A B 
1, Alpha globulin sesame-.- 1.16 1.24 1.13 1,21 1,44 1. 54 1.94 
2. Alpha globulin tomato-__. 80 .85 .77 . 82 1.37 1.46 1.20 
3. Concanavalin............ . 4 . 59 -61 . 66 1,21 1.31 1. 57 
eT Re a ee ees -43 -47 . 63 ~57 By | 77 .40 
ROOM IODA. 6. nccccacdonccccasananas . 97 1. C6 . 86 . 94 1.62 1.77 1. 54 
6. Wheat bran globulin_.........-...-...-.- .42 .44 -42 44 1.18 1, 25 1. 52 
7. Cantaloupe seed globulin. .............-- . 90 . 97 - 90 .97 pe 1. 26 1.30 
B. PiGbG00G MOND... oun. cen cdenencnce sn 1.69 1.12 1.16 1,19 1.51 1.56 1.20 
ie, WEN I go ec nnccvcesocsusascen 1.37 1.58 1. 58 1.81 2.03 2.33 2.18 
10, Glycinine (soybean)........-....-.--..-.- 1.07 1.16 1.08 1.17 1.50 1.62 1.12 
fp a EES Sia eA Seat te. Ret . 80 .87 81 . 88 1.49 1.62 1. 08 
3, Lentil vidiilin.............. G . 29 31 37 40 . 30 32 40 
13. Beta globulin adsuki. 01 .01 . 03 03 .28 29 -4l 
14, Beta globulin mung..... 0+ . 04 10 ll 26 . 26 44 
15. Beta globulin lima_.......- 5 13 .14 18 19 .32 34 -82 
OAS ES ene: 1.96 2.07 1.94 2.04 2.49 2.63 1,42 
| Ee ee 99 1.07 1.10 Boar 1. 20 1.29 “ 
ee eee ae 2.30 2.45 2.62 2.78 3.35 3. 57 4.08 
ES aa Ree ae ee . 98 1.07 1.10 1.19 1.08 1.17 : 
20. Locust bark albumin- -........--.-2..2.. 1.00 1.09 1.37 1,27 1.30 1.42 1.03 


























In subcolumn A are results as determined pn the hydrolysate. 

In subcolumn B are the same results corrected fo. moisture and ash. 

i — 4 are results obtained by Jones et al. with the Folin-Looney methods, corrected for moisture 
and ash. 


The results with unheated nonnorited cystine as a standard are 
given in Table 1 in comparison with the results obtained on the same 
hydrolysate with the Okuda iodometric method and the Folin- 
Looney method. In using the Folin-Looney method, the uric acid 
reagent was made according to Folin and Trimble (1924), with atten- 
tion to methods of getting rid of molybdenum. With tyrosine it 
gave no blue color. In subcolumn (A) are given the results as found 
on the hydrolysates; in subcolumn (B) the results corrected for mois- 
ture and ash. In column (4) are given results obtained by Jones, 
Gersdorff, and Moeller (1924-25) on the same proteins following the 
Folin-Looney method of hydrolysis and using the Folin-Looney colori- 
metric method. 





1 With hydrolysates of protein, step (D) is generally necessary to bring the reaction to the 1equisite degree 
of alkalinity. The colorimetric procedure should be run with and without step (D). In cases where the 
colorimetric results indicate that step (D) is not necessary or beneficial it can be omitted, 
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The data given in the first three columns of Table 1 were obtained 
with the use of nonheated, nonnorited cystine as a standard. When 
25 milligrams of cystine were put through the same procedure of heat- 
ing with 5 c.c. of 20 per cent hydrochloric acid, treatment with norite, 
reextracting the norite, neutralizing, etc., the procedure that the pro- 
teins went through, the recovery of cystine when matched against 
a cystine standard in 0.1 N HCl, not heated and not treated with 
norite, was 93.4 per cent. In Table 2 are given data relative to the 
cystine content of the proteins, corrected for loss in cystine put 
through the procedure. 


TABLE 2.—The percentage cystine content of purified proteins, corrected for loss of 
pure cystine put through the same procedure 














: Folin- 
: Sullivan; Okuda 

Protein Looney 

method | method method 
ON a ie cio 1. 33 1, 29 1. 64 
ASS SE Ee ERS See. 91 . 88 1. 56 
I ie oe tc ek te. eek Lchaibaecbaapaamds aueeed . 63 .70 1.40 
No re a cscs SSG EE ae ncemamenanan emma . 50 .61 . 82 
Ie OE dis ished bina bsewnan hacen 1.13 1.01 1.89 
EEE ee ene .47 .47 1. 34 
ES SS eee 2 ee eee ee ee 1. 04 1,04 1. 34 
EES a, See ee ee eee 1. 20 1, 27 1. 67 
nc SEES LES A ELEY Re, ST Si ORI SS Seem 1. 69 1. 94 2. 49 
RS I SE Oe COE EN. Le ee 1. 24 1. 25 1.73 
oe aS EEG Ee NES Salat aE Ee ae HOT STS a een . 93 . 94 1.73 
EN EE A ST EN ene 33 43 . 34 
a ha hebcebpannnnenduciaal .01 . 03 31 
SESE AE ae Ee: A ee reed . 04 .12 2B 
15. Beta globulin lima 15 . 20 . 36 
_ a 2. 21 2.18 2.82 
EE ARES SSS, SE i AES SS SA at ne as Bo oe emer, 1.15 1. 25 1. 38 
EE ER Se Oh eee 2. 60 | 2. 98 3. 82 
a de enka Mneiiandnawannnoweae 1.15 | 1, 27 1, 25 
og SS SRR LOT EE FERS ae 1.17 | 1. 36 1. 50 











The cystine content of the various proteins as determined on the 
hydrolysates is slightly higher by the Okuda method than by the 
Sullivan method, though in general of the same order of magnitude. 
The Folin-Looney method gives considerably higher values than either 
the Okuda or the Sullivan method. The possible meaning of these 
differences and the question as to which method is giving the more 
nearly correct results will be taken up later, after a discussion of re- 
sults in Table 3, which, by improvement in decolorizing, are considered 
more satisfactory. 

Improvement in decolorizing —While the work on the determination 
of cystine in proteins was under way, it was found that in our hands 
the decolorizing carbon “‘carboraffin” was a better carbon to use. In 
work with hydrolysates of 1 to 5 grams of casein, carboraffin was 
found at least five times as efficient as norite as a decolorizing agent. 
So the cystine content of the various proteins was redetermined with 
carboraffin as decolorizing agent. In the norite work given in Tables 
1 and 2, more norite (0.8 of a gram) was used than was always neces- 
sary for the particular hydrolysate. In the carboraffin work in gen- 
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eral 50 milligrams sufficed to decolorize the hydrolysate of 1 gram 
of protein and only a few required the use of 100 milligrams of this 
active carbon. 

Since less of the carboraffin was used to decolorize the dark hydroly- 
sate, the possibility of the absorption of cystine was less than in.the 
case of norite. Again the correction factor for cystine put through 
the procedure was smaller. Thus, it was found that 25 milligrams of 
cystine, put through the identical procedure—heating with acid, de- 
colorizing with 50 mg. carboraffin,? etc.—that the proteins went 
through, gave a recovery of 97.6 per cent when matched against an 
unheated cystine standard not treated with decolorizing agents. 
The results, using carboraffin as decolorizing agent, are given in Table 
3. Column | gives results as determined in the hydrolysate; column 
2, these results corrected for moisture, ash, and loss of cystine, put 
through the procedure. 


TaBLE 3.—The percentage cystine content of purified proteins with carboraffin as 
decolorizing agent 












































Sullivan Folin-Looney | Folin-Marenzi 
method Okuda method method method 
Protein 
(1) (2) (1) (2) (1) (2) (1) (2) 

1, Alpha globulin sesame......--.--- 1.42 1. 56 1.41 1.55 1.71 1.87 2.11 2. 33 
2. Alpha globulin tomato-. .99 1.09 1.01 1.10 . 98 1.68 1.19 1.30 
3. Concanavalin......... 60 68 . 68 . 76 68 76 7 . 86 
ee er x . 58 . 65 69 x fi «?) ) (1) (*) 

S, Cocoanut Globulin... .<ccscecene 1. 24 1.39 1,21 1,35 2.10 2.35 1. 90 3:19 
6. Wheat bran globulin___.......... . 44 48 . 51 . 55 1.37 1.49 1.30 1.40 
7. Cantaloupe seed globulin......... . 98 1.08 Oe a 1.22 1.08 sp a See we SB 
8. Flaxseed globulin__..-......-....- 1,32 1.39 1.34 1.41 1, 44 1. 52 1.67 1. 76 
0. Walnut giobulin:................. 1. 56 1.83 1.68 1.97 2. 25 2.65 2.35 3.7 
10. Glycinine (soybean)..........---- 1.15 137 1.22 1.36 1.15 1.27 1.41 1. 56 
a | a a eee 1.15 1.29 1.19 1.32 1. 52 1.70 1. 60 1.79 
pa | en ae ee . 28 31 .33 37 .40 44 al . 34 
13. Beta globulin adsuki..........-.- 01 01 . 03 . 03 . 28 D5 eee ee eee 
14. Beta globulin mung--_-..........-- . 04 . 04 wae 11 25 Sg Rr See 
15. Beta globulin lima... .....-...22. 13 .14 .18 .19 . 32 Mitenimunashewsecucy 
i EES a es 1.99 2.16 2. 25 2.44 2.46 | Re eee 
ER ES ORR IG aaa 3.13 1, 22 1.22 1.32 1.08 LUE ie nccckuchesaannus 
Be, RMOURININ . <n noc case ccas dene 2.10 2.29 2.30 2.44 3.65 gl RS ES 
a ae 1.08 1.24 2 1.35 1,25 | ee Sas 
20. Locust bark albumin............. 1.08 1.21 1.10 1,23 2.33 2.60 2. 52 2.79 

1 Turbid. 


In Table 3, the Sullivan and the Okuda method are in fair agree- 
ment. Taking the Sullivan average of the 20 proteins as 100, Okuda 
is 107. Though in a few cases the Folin-Looney colorimetric method 
agrees with the other methods, this method in general gives higher 
results when applied to our hydrolysates. In 11 cases compared, 
the Folin-Marenzi method gave, on the average, still higher values. 
In view of the divergence in results it is necessary to decide which 





2 As in the case of norite, the commercial carboraffin was extracted several times with boiling 10 per cent 
hydrochloric acid, then washed with water until practically free from hydrochloric acid and dried at 120° C. 
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method gives results with the higher degree of probability as to the 
cystine in the hydrolysates. 

The three methods differ considerably in their degree of specificity. 
Thus, as shown in Papers II and III of this series, both the Folin- 
Looney method and the Okuda method react positively to various 
disulphides such as cystine amine (amino-ethyl disulphide), the 
disulphide of amino-thiophenol, the disulphide of thiotyrosine and 
ergothionine. Further, the Folin-Looney procedure for cystine gives 
a more or less positive reaction with nonsulphur compounds such as 
furfural, pyruvic acid, and levulinic acid. With all these substances 
the Sullivan reaction is negative. Recently we have found that 
1.3 milligrams of glyoxal will give as much blue color in the Folin- 
Looney procedure as one milligram of cystine and that the Folin- 
Marenzi method gives just as much color with glyoxal, weight for 
weight, as it does with cystine. Glyoxal is negative in the Sullivan 
method and the Okuda method. Further, products of acid hydrol- 
ysis of sugars such as galactose react more or less positively in the 
Folin-Looney cystine method but negatively in the Sullivan and the 
Okuda methods. To put the question briefly, of over 100 compounds 
tested, amino acids, sulphur compounds, amines, and other compounds 
reported as occurring in vegetable or anima! tissue, the Sullivan 
reaction is given only by cysteine or by cystine treated with sodium 
cyanide; the Okuda cystine reaction is given by other disulphides; 
the Folin-Looney is given by other disulphides and also more or less 
by a number of substances not containing sulphur. It is an interest- 
ing fact that the Sullivan reaction is given only by normal cysteine 
or cystine reduced by sodium cyanide. Even isocysteine (CH, 
NH;.CHSH.COOH) and isocystine, made by the Gabriel (1905) 
method, do not give the Sullivan reaction, though positive in the 
Folin-Looney, the Folin-Marenzi, and the Okuda methods. From 
a qualitative standpoint, at least, the Sullivan cystine method has a 
greater specificity than has the Okuda method and much greater 
than the Folin-Looney method. 

The question as to whether or not the Sullivan method has greater 
quantitative reliability was next considered. This question was 
investigated from two angles, namely (1) comparison with feeding 
experiments and (2) the comparison of various methods of entirely 
different mechanisms, and a study of their agreement or disagreement. 

Cystine determinations in comparison with feeding ecperiments.—In 
feeding experiments with the white rat, Johns and Finks (1920) 
found that cystine is the limiting factor in phaseolin, the principle 
globulin of the navy bean. The lima bean also was found nutrition- 
ally lacking in cystine by Finks and Johns (1921), and the bean meal 
and the total globulins of the adsuki bean were found nutritionally 
deficient in cystine by Johns and Finks (1921). In these beans the 
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main protein is the beta globulin; and so if the beta globulin is de- 
ficient in cystine, the bean as a whole will be found nutritionally 
deficient in cystine. On analysis by the Sullivan, the Okuda, and 
the Folin-Looney methods, results were obtained as given in Table 4. 


TaBLE 4.—The percentage of cystine in the beta globulins of the mung bean, the 
adsuki bean, the lima bean, and the navy bean 

















: Folin 
, Sullivan | Okuda 

Protein Looney 

method | method method 
Re eT OE TN ns coe euene ness cenbudaccdaneneesnacueeeas 0.04 0.10 0. 25 
SUEY DEM ONIN a a inks a cckntavanceedadacnscemaseieshcaseacsnadé 01 . 03 28 
SPREE EEE RTT G55 ws one abo dnadacinasaeuuisied sakcas dbbadmeabsinnensl s 13 .18 32 
MRR BOOB UR BBVTD0GE 65 cadess cnsssbateencssatsdbatpenesnakduntaeebeuss . 00 -10 1,34 





1 Jones, Gersdorff, and Moeller, using the Folin-Looney procedure, found 0.58 per cent cystine in phaseo- 
n, 


The results with the Sullivan method and the Okuda iodometric 
method are in fair agreement and show that these beta globulins are 
deficient in cystine, in keeping with the results of feeding experiments, 
The Okuda method shows more cystine than the Sullivan method, 
probably because it is reacting somewhat with other sulphur com- 
pounds. In the case of these beta globulins, the Folin-Looney method 
shows practically as much cystine present as in casein, a finding that is 
not in harmony with the findings of feeding experiments. 

Comparison of results with the Sullivan, the Okuda, and the Folin- 
Looney methods.—The three methods are markedly different in 
mechanism. Two of them, the Sullivan and the Folin-Looney, 
are colorimetric methods; the third, the Okuda, is an iodine titration 
method. In view of the great gifts made to biochemistry by Folin, 
and in view of the wide use that has been made of the Folin-Looney 
method, it was hoped that the two colorimetric methods would agree. 
Finding that in many cases the Folin-Looney method showed a higher 
cystine content in foodstuffs as judged by the cystine content of the 
hydrolysate, the third method, the iodometric method, was resorted 
to for comparison. With material in which cystine is the predomi- 
nant sulphur compound, such as wool and serum albumin, the three 
methods are close together, but with closer agreement between the 
Sullivan and the Okuda methods than between either of these and the 
Folin-Looney method. Thus, with purified wool the following 
cystine percentages were found by the various methods, including the 
new Folin-Marenzi method (1929): 





Sullivan | Okuda Folin- Folin- 


Looney | Marenzi 
method | method | method | method 

















Wool so ase 12. 82 12.77 14. 16 14. 04 
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The total sulphur of the wool was 3.52 per cent, equivalent to 13.2 
per cent cystine. The cystine found in the wool by the four methods 
represented 3.42, 3.41, 3.78, and 3.74 per cent sulphur, respectively. 
The Sullivan and the Okuda results show cystine sulphur slightly lower 
than the total sulphur; the Folin methods applied to the same hydro- 
lysates give results slightly higher than the total sulphur. Since 
Mueller (1923) found in wool some of his new sulphur-containing 
amino acid, labeled methionine (CH;SCH;,CH,CHNH;,COOH) by 
Barger and Coyne (1928), it is probable that cystine results showing 
the possible presence of a small amount of some other sulphur come 
pound is nearer the truth. Employing the Sullivan method, Riming- 
ton (1929) found that the cystine sulphur accounted for nearly the 
entire sulphur content of wool. 

Results with serum albumin.—A sample of crystalline serum albumin 
was obtained from Edwin J. Cohn, of the Department of Physical 
Chemistry, Harvard Medical School. This was coagulated at 
75° C., washed free from ammonium sulphate, and dried one hour at 
60° C., 15 minutes at 80° C., and then in a vacuum desiccator to 
constant weight. A portion then dried at 110° showed 4.7 per cent 
moisture. A portion (0.4197 of a gram) was hydrolyzed with 5 ¢. c. 
of 20 per cent hydrochloric acid for eight hours. It gave no humin, 
and so needed no decolorizing. The hydrolysate washed out of the 
flask with 5 c. c. of water was carefully brought to pH 3.5 with 5 N 
sodium hydroxide and diluted to 50 c. c. with 0.1 N hydrochloric acid. 
Cystine determinations were made by the Sullivan, the Okuda, and 
the Folin-Marenzi methods. The results, corrected for moisture, 
are given below: 





oe Folin- 
Sullivan | Okuda Marenzl 


method | method method 





eee eRe ae a eT ee ee ee ee ae 5.71 5.72 6.08 














As analyzed by Folin and Marenzi (1929) two samples of similar 
crystalline serum albumin from the same source as that of the sample 
used by us gave 6.02 and 6.06 per cent cystine. The Sullivan and 
the Okuda methods agree and give findings approximately 6 per cent 
lower than the Folin-Marenzi figures. All three methods agree, 
however, that the cystine content of this highly purified sample of 
crystalline serum albumin is high. In fact we find it much higher 
(over twice as high) than a brown commercial sample of serum albu- 
min which we had previously tested. This commercial sample was 
probably dried at a high temperature, 100° to 110° C. From many 
bits of work it seems that the sulphur of cystine complexes in food- 
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stuffs is much more sensitive to heat and other treatments than is 
commonly accepted. 

Results with the alkali soluble protein of the avocado pear.—From the 
avocado pear (Persea americana Mill) Jones and Gersdorff (1929) 
obtained three different proteins. One of them, called the alkali 
soluble protein, was insoluble in 10 per cent sodium chloride and was 
obtained by boiling the residue insoluble in the salt solution with 
0.1 N 60 per cent alcohol solution of sodium hydroxide and precipi- 
tating with acetic acid. As analyzed by Jones and Gersdorff, this 
protein was found to contain 1.84 per cent cystine as determined by 
the Van Slyke method. By the Folin-Looney procedure, Jones and 
Gersdorff (personal communication) found 2.05 per cent cystine in 
this alkali-soluble protein. The senior author of this paper when told 
of these high cystine findings by Jones, felt that the results seemed 
remarkably high, in view of the fact that cystine peptides are readily 
decomposed by heating with alkali even as dilute as 0.1 N. Accord- 
ingly, samples were obtained from Jones for cystine determinations. 

The cystine found in hydrolysates of one gram samples of the 
alkali soluble protein of the avocado pear is 0.11 per cent by the 
Sullivan method, 0.17 per cent by the Okuda method. The low 
cystine percentage by these two unrelated methods is in marked 
contrast to the findings by the Van Slyke and the Folin-Looney 
methods and more in keeping with the possibility that heating with 
alkali lowers the provable cystine content of proteins. 

Remarks on the various methods.—The Sullivan and the Okuda 
methods have different means of reducing the cystine to cysteine and 
different means of determining the reactive cysteine. Nevertheless, 
in general, these two methods give with the proteins tested, results 
of the same order of magnitude. Thus, fairly close agreement occurs, 
in the case of the purified proteins, as given in Table 3, in comparison 
with the feeding experiments, in the determination of cystine in 
wool, serum albumin, and the alkali soluble protein of the avocado 
pear. The Okuda method tends to give results slightly higher than 
the Sullivan method, a finding that may be explained by the fact that 
it reacts to other sulphur complexes than cystine. However, the 
approximate agreement between the Sullivan and the Okuda methods 
shows that no appreciable amount of reducible disulphides other than 
cystine occurs in the hydrolysates of the proteins tested. 

From a survey of the experimental data, qualitative and quantita- 
tive, given in this paper, it would seem that the higher degree of 
probability as to the correctness of the cystine findings as judged by 
the cystine present in the hydrolysate is with the Sullivan method, 
with the Okuda iodometric method closely following. The Folin- 
Looney method, as we see the results, tends to give higher values. 
than the actual and so does the Folin-Marenzi procedure. 
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SUMMARY 


The cystine content of 23 purified proteins was determined by 
estimating cystine in hydrolysates. 

' The methods employed were the Sullivan, the Okuda, the Folin- 
Looney, and, in the case of 14 proteins, the Folin-Marenzi. 

With material in which cystine is the predominant sulphur com- 
pound, such as wool and serum albumin, the Folin methods and the 
Sullivan and Okuda methods give concordant results. 

In many cases the Folin-Looney and the Folin-Marenzi methods 
gave higher values. 

For all the proteins listed, the Sullivan colorimetric method and 
the Okuda iodometric method gave results of the same order of 
magnitude, with the Okuda values slightly higher. The Sullivan and 
Okuda method give results with the beta globulins of various beans 
in agreement with feeding experiments which indicate that these 
globulins are deficient in cystine; the Folin-Looney method gives 
cystine findings not in such agreement. 

As judged from the experimental data, comparison with feeding 
experiments, etc., it would seem that the higher degree of probability 
of the correctness of the cystine findings is with the Sullivan method, 
with the Okuda method closely following. 

Addendum.—In work completed since this paper was written, it 
has been found that a mixture of amino acids such as exist in casein 
without cystine or other sulphur compounds gives, on heating with 
acid, a mixture which reacts strongly positive in the Folin-Marenzi 
test for cystine though negative with the Sullivan and the Okuda 


methods. 
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